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This report  describes the multiple terminal  facility developed for 
the NASA ATS-E mil l imeter  wave propagation experiment. This 
facility is presently operational. San1pl.e data have been recorded and 
preliminary analyses have been performed. The current  status of the 
program is  reviewed and some discussion of the significance of the data 
being obtained is  included. 
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SEMIANNUAL STATUS REPORT 
(Millimeter- Wavelengths Propagation Studies ) 
INTRODUCTION 
This report  describes the work completed through March, 1970, 
under NASA Grant NGP. 36-008-080. The objective of this program is 
the determination of the propagation characteristics of signals having 
wavelengths on the order of a few mill imeters.  This program has been 
motivated by the pressing demand for  an increase in the upper limit of 
the usable portion of the electromagnetic spectrum. Consequently the 
emphasis within this program is  the measurement and interpretation of 
data descriptive of the propagation phenomena peculiar to this portion of 
the spectrum. The knowledge and understanding of these propagation 
characteris  tics will provide the system designer with the information 
necessary for the efficient utilization of this portion of the spectrum. 
The basic propagation experiment consists of the measurement of 
a 15.3 GHz signal generated and radiated from the ATS-E synchrotlous 
satellite. A versatile data collection facility has been developed for  
this purpose. This facility consists of two complete terminals.  One of 
these terminals is f;xed, and the other i s  completely transportable. 
Each terminal has its own antenna, receiver, and recording equipment; 
thus the terminals may be operated either singly o r  in conjunction with 
each other. In addition to the equipment required for the measurement 
of the 15.3 GHz signal, provisions have been made to permit monitoring 
and recording of meteorological parameters.  The transportable terminal  
has the capability of measuring and recording local wind speed, tempera- 
ture, rain rate, relative humidity and wind direction; the fixed terminal  
is equipped with a commercial weather radar  installation operating at 
15.5 GHz. Finally, both terminal  antennas a r e  instrumented with bore- 
sight radiometers which, of course, view volumes coincident with the 
propagation paths of interest.  The characteristics of these terminals 
a r e  discussed in later  sections of this report. These terminals a r e  
operational, and sample tes t  data have been collected, converted to 
digital form, and examined in order  to ascertain the correct  functioning 
of the data collection process. 
The ATS-E satellite was launched in August 1969, and has been 
available for tes t  purposes since October 1969. However, operational 
problems have necessitated the deletion of some phases of the projected 
tes t  program. In particular, the measurement and comparison of the 
transmitted sidebands has been handicapped by a significant reduction 
of the transmitted power level. In addition, the data analysis process  
has been complicated by the inability to despin the satelli te,  In view of 
these difficulties considerable attention is  being directed toward a r e -  
examination of the manner in which data is  collected and analyzed, 
Various tes ts  such as measurements of fade ra tes ,  signal correlation 
as a function of spatial diversity separation distance, and attenuation and 
scintillation dependence on meteorological conditions a r e  possible. Appro- 
priate  means for extracting the maximum amount of useful data under the 
present  circumstances a s s  being studied. 
In the following the present status of the terminals  and associated 
instrumentation is  described; and, finally, the present  data gathering 
and analysis capabilities a r e  discussed in the context of the objectives of 
this program. 
TRANSPORTABLE TERILINAL 
In o rder  t-o facili tate the collection of spat ial  diversity data along a 
variable baseline it was necessary to design a terminal  which could be 
moved easily. The entire  system was therefore mounted on two t ra i l e r s ,  
one for  the antenna and one for  the control van as  shown in F ig .  1. P r e -  
sently these t r a i l e r s  a r e  located adjacent to th:: fixed mil l imeter  wave 
terminal  and will remain there until sufficient data has been collected 
to identify any fundamental differences in terminal. characteris  t ics .  A 
knowledge of such system differences must  be taken into account when 
performing diversity analyses. 
In o rder  to  study the decorrelation of received signals the t r ans -  
portable s i te  will be repositioned at s i tes  remote from the fixed terminal .  
Some factors  entering into the selection of these s i tes  are:  the availability 
of pr imary power, s i te  security, s i te  accessability, and site availability. 
P r ima ry  power requirements a r e  115 VAC at 30 amperes for  
instrumentation and 230 VAC at 15 amperes for  lighting, heating, and 
cooling. The closest  s i te  which i s  suitable in all categories is  at  the 
ElectroScience Laboratory main building which i s  located approximately 
1200 feet due south of the fixed terminal-  It is  likely that little decor-  
relation will be observed with this terminal  separation. 
A second possible s i te  would be at Don Scott field, the university 
operated a i rpor t  located 5.1 miles north-northwest of the fixed terminal .  
This s i te  is  slightly l e ss  accessable than the ElectroScience Laboratory 
si te  but it is  suitable in all  other respects .  Fo r  many local weather con- 
ditions considerable signal decorrelation should be observable with this 

basel ine,  However, local  f rontal  activity normally a r r ives  fronl the 
wes t  and heavy precipitation just behind this front  m a y  extend many tens 
of mi les  in a north- south direction. Clearly, the dimensions required 
fo r  a useful diversity sys tem oriented on a north- south baseline and de-  
signed to avoid deep fades would be e x t r e h e l y  l a rge  under these conditions. 
It i s  possible that a five to ten mi le  east-west  baseline would avoid the 
wors t  aspects  of the frontal  s t o r m  without reducing diversity effective- 
ness  for  other  s to rm types. Additional s i t e s  appropriate  for  the exarni- 
nation of this effect a r e  being sought. 
Antenna 
- 
A 15 foot diameter  antenna is used for  the t ransportable  t e rmina l  
and is shown in Fig. 2. This antenna employs a Cassegsanian feed, and 
the feed s i lo  contains the 33-F front ends of both the NAS-4 15.3 GHz PLL,  
rece iver  and the 15.1 CHz radiom-eter. The feed horn has a sq.tare 
aper ture  with all  four walls corrugated to prcjdl~ce nearly identical E sad 
I3 plane patterns and to provide very low sidelobes for  both polarizations.  
The two rece ivers  a r e  coupled to this feed horn such that the signals they 
receive a r e  c r o s s  polar ized* Consequently both rece ivers  receive energy 
f rom coincident and nearly identical aper tures .  
The ent ire  feed s i lo  and consequently the polarization directions a r e  
electrically rotatable and can be  controlled f rom the control  van. All 
cables and the cal ibrator  s ignal  waveguide a r e  brought out f rom the r e a r  
of the s i lo  through the la rge  ma in  bearing as  shown in Fig .  3. The s i lo  
m a y  be easi ly removed f r o m  the antenna by disconnecting these cables 
and removing the retaining nut from the bearing clamp. 
The azimuth over  elevation antenna pedestal  is mounted on a road-  
worthy 18 x 8 foot flat  bed t r a i l e r .  To improve the stability of this t r a i l e r  
during operation, four 4-foot outriggers were  added. Each outrigger is 
supported at  the end by an adjustable jack which r e s t s  on a pontoon and i s  
used for t r a i l e r  leveling. 
The specifications for  the antenna sys tem a r e  a s  follows: 
Antenna 
Main Reflector : 15 feet in d iameter  
Sub Reflector 2 feet  in  d iameter  
B e a m w i d t h ( 1 5 G ~ z )  : 0.32Oby0.32O 
Gain (15 GHz) : 53.4 dB 
Design surface tolerance: t' 0.050 inches (I;tMS) 
Fig .  2 ,  Transportable antenna. 
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Fig. 3 .  Rear  view of feed s i lo  on transportable antenna. 
Mount 
Azimuth Angles : 0 to 360 degrees 
Elevation Angles : 0 to 90 degrees 
Synchros 36 to 1 
Angular Resolution : 0.05 degrees 
Control methods : manual o r  prograxnmed a-zimuth 
and elevation 
This antenna system has been designed for  quick disassembly,  t r ans -  
port, and reassembly to facilitate the changes in s i te  separation required 
fo r  space  diversity measurements .  I t  i s  expected that such changes in 
location can be accomplished in approximately three days.  
P r o g r a n ~ m e d  Antenna Positioning. 
Presently i t  i s  necessary  to manually reposition the a n t e n ~ a  
periodically to maximize the signal received f rom ATS-E. This pro-  
cedure i s  unsatisfactory in that during periods of rapid satelli te motion 
(approximately 0.6 degrees per  hour)  repositioning i s  necessary  every  
five minutes.  Consequently signal level changes during this period would 
contain atmospheric as  well as pointing e r r o r  effects. Manual antenna up- 
dating would also require the attention of a full t ime operator  whose task 
would be nearly impossible during periods of deep fades o r  rapid fluctua- 
tions in signal level.  In o rde r  to avoid these problems a system for  
automatically pointing the antenna has been designed and i s  under con- 
s truction. 
A computer program has been written to produce a punched paper  
tape containing control information f rom the orbital  elements of the sa te l -  
l i te.  This control information will be  read by a tape reader  and t r ans -  
mit ted through logic circui try to stepping motors ,  one fo r  each axis of 
rotation. Each stepping motor  is connected to a potentiometer, and a 
second se t  of potentiometers i s  se rvo  driven by the mount. The voltages 
f rom these two potentiometer pa i r s  a r e  fed to  comparator circuits which 
actuate the mount controls in such a way as  to reduce the difference be-  
tween them to zero .  Thus, the mount is locked to the stepping motor  
potentiometer which contains the positioning inforn~ation.  
DC offset voltages a r e  provided for each axis s o  that smal l  c o r -  
rections can be made when necessary.  Initial positioning will still be 
handled manually s o  that only smal l  incremental changes (+ 1 .2  degrees  
elevation and 2 2 . 8  degrees azimuth per  24  hours)  need be programmed.  
Positional updating with the proper  number of 0.05 degree increments  
will be  accomplished automatically once every five minutes.  
Phase  Locked Loop (PLL)  Receiver 
The NASA supplied P L L  Receiver (Serial  #05) built by Mart in-  
Marietta. has been installed at this terminal .  Initially there  was some 
concern that the unexpected pulse waveform (See Fig. 9 )  of the satelli te 
signal would resul t  in improper o r  use less  data f rom this rece iver .  
Subsequently, t e s t s  were performed on PILL acquisition t ime and on 
post detection bandwidth effects using the satelli te signal. It was de ter -  
mined that no deterimental effects due to rece iver  design were  present  
and further  that the receiver  character is t ics  were  nearly optimized 
(except f o r  excessive P L L  vcxo drift  between signal pulses)  for the type 
of pulsed signal received. 
Some d i f f i c ~ l t y  was also experienced wit11 the phase locked loop of 
this part icular  receiver  at  low signal levels .  Considerable amplitude 
rnodulation was observed within individual pulses when data was being 
recorded f rom the satelli te.  In addit~cri  the loop consistently broke lock 
at a signal level  that was severa l  dB abovz the theoretical lock level .  
The VCXO dr iver l f i l te r  f rom the fixed s i te  rece iver  (Serial  #03), which 
had been sent  to Mart in for repai r  and modification, was installed in the 
transportable s i te  receiver  (Serial  #05) and now appears to be  performing 
satisfz~ctorily . Modification of the Ser ia l  #05 VCXO driver  / f i l ter  i s  
planned. 
Present ly  a 250 inilliwatt peak pulse signal from the satelli te r e -  
sults in  a 4 .0  volt peak receiver  signal (Gain x l )  output. This c o r r e -  
sponds to  a cal ibrator  signal level of - 11 6 dBm at the R F  froilt end. 
Loss of phase lock (narrowest  loop bandwidth) occurs  common1.y at  - 146 
dBm for  the calibrator signal and - 235 dBm for  the pulsed satel l i te  signal. 
Masimum dynalnic range when the satelli te is at  full power is 1.9 d23. 
Radiometer 
An important feature of the 15.1 GHz radiometer  used a t  this  station 
is that it s h a r e s  a common antenna volume with the coherent signal channel 
from the satelli te.  That is to say, the antenna patterns fo r  both rece ive r s  
a r e  c r o s s  polarized, nearly identical, and coincident. Thus nearly 
identical weather  conditions a r e  contained within both the coherent signal 
and radiometer  receiver  antenna beams.  As a resul t  of this feature co r -  
relation studies between these two signals will riot be limited by the 
possibility of spat ial  dissimilar i t ies  in weather that would occur between 
beams which were  not coincident. 
The radiometer  (Figs.  4 and 5) i s  of the Dieclce Type. It was built 
! I  in house" and has the following character is t ics:  
'1 u r e  Noise r ' g  : 5.5 dB (Double sideband) 
I F  Frequency 60 MHz 
I F  Bandwidth 20  MHz 
Video Bandwidth : 10 Hz, 1 Hz, 0 , l  Hz (Selectable) 
Min.AT(10Hz)  : 3 degrees 
Calibration System: mechanically switchable to calibrated 
noise source  se t  at  676' Kelvin 
Output Form at O°K = 5 volts 
338OK = 0 volts 
Radiometer gain level can be adjusted when necessary  by switching 
i t s  input to the calibrated noise source and adjusting the I F  gain. This 
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Fig .  4 .  Radiometer  block d i ag ram.  

procedure is  necessary  only occasionally when operating tempera tures  
a r e  constant and therefore  has  not been automated. Absolute t empera -  
tu re  accuracy of plus o r  minus 5 degrees  is  expected with this method of 
calibration (10 Hz bandwidth) which i s  consistent with the overal l  da t a  
resolution requi rements  of the NASA format .  Some calibration ax low 
tempera tures  will  be made to  verify l ineari ty  and to determine e r r o r s  
due to  heat sources  within the sys tem itself .  A cold re ference  load will  
be used  to check tempera ture  below ambient. 
Magnetic T a ~ e  Recorder  
A Video Resea rch  Model 9000G magnet ic  tape r eco rde r  has  been 
installed a t  the fixed s i te .  
Specific detai ls  on this r eco rde r  a r e  as follows: 
Min. Noise Voltage Out (FM) 2 0.2 volts peak to  peak 
(with tape supplied) 
Output Voltage Drift (Daily) e t 0.2 volts max. 
( P r i m a r i l y  VCO Drift) 
Tape St re tch  (a t  1-718 ips)  a 270 (New tape)  
Channel Ass  ignrnent: 
1 )  DR - 396 Hz Reference Generator  
2 )  DR - NASA BCD Time Code 
3 )  FM - Relative P h a s e  # 1 
4 )  F M  - Spare 
5) F M  - Upper Side Band Amplitude 
6 ) F M  - S p a r e  
7 )  FM - C a r r i e r  Amplitude 
8 ) F M  - KuBandRad iomete r  
9)  F M  - Lower Sideband Amplitude 
10) FM - Spare  
11) F M  - Relative Phase  # 2  
12) FM - 36 Channel Commutator 
13) FM - Spare 
14) DR - 3.125 KHz Reference Tone (Tape Transpor t  
Servo Source) 
Edge T r a c k  - Operational Voice Comments.  
Weather Station 
The wezther station a t  the fixed site provides the following measured 
meterological parameters :  
1) Wind Speed: 0 mph = 0 volts 
50 mph = 5 volts 
2 )  Wind Direction: South = 0 and 5 volts 
Eas t  = 3.75 volts 
North = 2.5  0 volts 
West = 1.25 volts 
3 )  Relative Humidity: 0% = 0 volts 
100yo = 5 volts 
4 )  Tel-nperature: - 1 0 ° F  = 0 volts 
l05'F = 5 volts 
5 )  Rainfall Rate: Contact closure through interface 
electronics into sub- commutator 
(NASA Format)  
In addition to the NASA format the rainfall  r a te  gauge operates an 
electromechanical timing system which produces an analog voltage pro-  
portional to the time between bucket t ips.  This voltage i s  calibrated in 
inches per  hour. The resul t  i s  a counting system whose counting ra te  
is proportional to rainfall ra te .  This should tend to avoid the averaging 
of sudden shor t  burs ts  of ra in  which occurs when a fixed slow sample 
ra te  i s  used. 
Weather Conditions, Station Mode, 
And Calibration Indicator System 
In order  to identify weather and station conditions existing during 
periods of data collection, a format of manually switchable voltages which 
a r e  recorded was established. The unit built and installed at the fixed 
s i te  i s  shown schematically in Fig. 6 .  The t imer  built into the unit pro-  
vides a voltage to the data commutator which indicates that a useable 
calibration level has been se t  and will not be changed to the next level 
f o r  the next six seconds. The output format is  identical to that required 
for  the NASA data analysis program. 

Data Collirnutator System 
---- 
Although the fundamental data f rom the experiment i s  recorded on  
continuous magnetic tape channels, suppo~t ing  and station keeping in- 
formation i s  commutated and recorded on a single F M  magnetic tape 
channel. The comlniltation system produces the NASA format  and includes 
a ma in  36 channel commutator, a 30 channel sub-commutatcr,  an  in ter -  
facing/cal ibrator  unit and a scanner drive source.  
The format  i s  as  follows: 
Main Commutator - (Sample ra te  = 36 channels p e r  second) 
Channel 









10 R x  Status 
11 Rx Gain 
12  - 
13 Phase  Lock 
14 xtal # l  
15 xta? $2 




20 Wind Direction 
2 1 Wind Speed 




2 6  Weather Class  1 to 5 
27 Weather Class  6 to 10 
28 Radicm. Cal. 
29 x 
30 Ground 
31 Sub Commutator 
32 x 
33 x 
34 {+5 volts 35 
Sub- commutator - (Sample ra te  = 1 channel every 2 seconds) 
Chamel 
1 Local Rain Bucket 
3 Remote Rain Bucket 
The interface package provides synchronization between units and cali-  
brat ion voltages to  the tape recorder .  It a lso counts r a in  bucket t ips for  
up to 25 individual rain buckets and provides a rainfall r a t e  analog output 
voltage f rom each to 25 individual subcommutator channels. 
Chart Recorders  
Two chart  r ecorders  a r e  used a t  this terminal .  A two channel 
Sanborn Model 321 has been modified to produce a paper speed of about 
5 inches per  hour. It i s  used to provide a quick loolc at the c a r r i e r  level 
and radiometr ic  temperature measured  during extended periods of oper-  
ation with the satel l i te .  These records  will be preserved as  an index to 
data periods of high interest  for subsequent analysis.  
A four channel Sanboril Model 150 is normally used to provide a 
means  of comparison between data channels that a r e  of immediate interest .  
Most of these parameters  a r e  made available at a patch panel fo r  easy 
connection to the recorder .  
8 
Control Van 
The control and equipment van (par t  of a surplus Nike sys tem)  i s  
8 feet wide by 14 feet in length ( s e e  Fig.  1) .  It houses the equipment 
previously described plus the following. 
1) Antenna mount controls 
2) Polarization Rotation System 
3)  Waveguide Pressur iza t ion  System 
4)  Time Code Generator 
5 )  WWV Receiver 
6 )  Magnetic Tape Degausser 
7 )  Oscilloscope (Tektronic 531) 
8) Spectrum Analyzer Plug In (Through 12.4 GHz) 
9) Electronic Counter 
FIXED TERMINAIA 
The fixed terminal  util izes the south ref lector  of the four antenna 
a r r a y  at The Ohio State University Satellite Communications facility. 
Supporting equipment for  the experiment, in mos t  cases  identical to that 
installed at  the transportable station, has been placed in the control 
center  located between these antennas (Fig.  7 ) .  
The following equipment was described in e a r l i e r  sections and i s  
duplicated identically a t  this station: 
1)  Mart inIMariet ta  Phase  Locked Loop Receiver 
2 )  Video Research  Magnetic Tape Recorder  
3 )  15.1 GHz Radiometer 
4 )  Data Commutation System 
5 )  Datatron Digital Clock and WWV Receiver 
6 ) We ather Condition, Station Mode, and Calibration 
Indicator System. 
The equipment installed at  the fixed s i te  that i s  different f rom o r  
in addition to the equipment at  the transportable s i te  is listed below: 

1)  Antenna and Controls 
2 )  Weather Radar 
3) Str ip Chart Recorder (1 eight channel Sanborn 351) 
s 
Antenna 
The antenna used at the fixed terminal  has a Cassegrainian feed 
and was originally designed to operate at S-band (focal point feed) and 
X-band (Cassegrainian feed). The X-band feed was replaced with a feed 
identical to that described for  the transportable te rminal  except that the 
polarization direction i s  not rotatable.  
The specifications for  this antenna a r e  as  follows: 
Main Reflector Diameter : 30 feet 
Sub Reflector Diameter : 4 feet 
Gain : 58 dB estimated 
Beamwidth : 0.15 by 0.15 degrees 
Main Reflector Panel  Tolerance: 0.040 inches RMS 
It is felt that distortion of the outer panels of the main  ref lector  
produces a slight reduction in gain at 15.3 GHz . Gain and antenna pat- 
t e rns  will be measured  la ter  in the year  to  establish these parameters  
m o r e  accurately. 
The antenna mount i s  an azimuth over  elevation type with the 
following character is t ics .  
Limits of Movement: Plus and minus 185 Azimuth 
0 to 92 degrees Elevation 
Pointing Accuracy : Plus o r  minus 0.01 degrees 
Control Methods : Manual and Servo Follower 
Programmed Antenna Positioning. 
The programmed positioning system for  this antenna i s  nearly 
identical to the one described for  the transportable terminal .  The main  
difference i s  the method of coupling between the stepping motor  and the 
mount control.  Here, the stepping motor  will rotate  the s ta tor  of a 
differential se rvo  t ransmit ter .  The rotor  of this t ransmit ter  i s  con- 
trolled by a manual hand crank. The relative position between the s ta tor  
and ro tor  determines the position signal sent  to the mount. Both program 
and manual control a r e  possible silmultaneously so that gross  and/or  fine 
positioning can be done manually and the program need only handle incre-  
mental  changes required to t rack  the satelli te.  
Initially, ~iihen the terminals a r e  close together i t  appears that 011iy 
one mas te r  program tape will need to be computed to  satisfactorally oper-  
ate both terminals .  A mas t e r  tape will be made as often a s  is  necessary  
to colnpensate for time shifts within the required tracking ellipse (es t i -  
mated at two a week) for  a full 2 4  hour day of operation. Copies of this 
tape will be ma-de for each terminal so  that they 1na.y operate independently. 
When the diversity baseline between terminals  increases it may be necessary 
to compute program tapes individually. 
Weather Iiadar 
- 
A Bendix RDR-100 radar  system has been installed at the fixed s i te .  
It has the following characteris t ics:  
Frequency : 15,5 L 0.1 GHz 
Beamwidth : 4 degrees 
R F  Power : 10  Kw peak 
PXF : 800 pps 
Pulse Width : * 1 microsecond 
I F  Bandwidth: 1.5 MHz 
The receiver / t ransmit ter ,  power supplies, and antenna a r e  being 
mounted in a smal l  building some 50 feet f rom the main control building. 
The antenna will be mounted on a gun director  mount within the building 
and beneath a four foot diameter hemispherical radome. The antenna i s  
mounted to scan vertically permitting the resolution of vertical layers  as  
well a s  s to rm heights to be determined. Another mode of operation fo r  
this system i s  thzt of integrated backscatter f rom the direction of the 
satelli te.  The az inu th  angle will initially be fixed to that of the main  
receiver  antenna when i t  is  receiving the satel l i te  signal; the scan  will 
then be interrupted with the radar  antenna pointing toward the satelli te . 
Utilizing the NASA supplied Westinghouse r ada r  pulse integrator, the 
selectively gated backscatter of 80 successive pulses will be averaged, 
recorded, dumped and the operation repeated. 
A third mode of operation i s  desirable and may be provided. The 
gun director  moxnt can be modified to rotate slowly in azimuth. With 
the radar  antenna scan disabled the resultant stationary CRT display 
t r ace  would ca r ry  PPI  information. Photographs of this information 
would be useful in defining the structure of individual weather patterns 
during periods of medium and heavy precipitation. 
STATUS 
As of March 2Oth, seven data tapes have been sent  to NASA GSFC. 
As this data was recorded through the relatively dry winter months no 
large signal fluctuations were  present .  They do however provide re fe r -  
ence data from which some system parameters  and limitations can be 
determined. Some recent recordings of the beacon signal when i t  was 
within one o r  two dB of full strength a r e  shown in Fig. 8. The gain setting 
of the receiver was in the X1 position. Voltage fluctuations at this power 
level (approximately 17 dB above loss of phase lock) a r e  + 0.1 volt which 
corresponds on this l inear scale to + 0.3 dB. 
High speed char t  records in Fig. 9 show a 3 dB pulse width of 
approximately 45 milliseconds and a spacecraft  antenna sidelobe level 
approximately 12 dB below the main beam. 
Typical data taken during operations with the main spacecraft  t r ans -  
mi t t e r  (at  this t ime reduced in level by 8 dB below i ts  normal 250 mw 
output) a r e  shown in reduced form in Fig. 10. In order  to provide this 
type of s tat is t ical  format a peak detectionlsampling system was built. 
As each received data pulse appears during processing i ts  peak level  is 
determined, held, sampled, and dumped. These samples a r e  fed directly 
to a computer programmed to calculate the mean value, standard devia- 
tion, and variance of the received signal. F o r  this signal level the stand- 
a rd  deviation is  0.130; this corresponds to signal deviations of approxi- 
mately f 0.5 dB. 
Tests  of this processing system using the calibrator signal (a t  50  
samples per  signal level) produced no standard deviations greater  than 
0.15, with mos t  resul ts  falling between 0.11 and 0.13, over the ent ire  
signal level range of the receiver .  
DATA ANALYSIS AND INTERPRETATION 
The present  satelli te and multiple terminal  systems provide the 
capability of measuring and recording the following parameters  of interest  
f o r  the study of mil l imeter  wave propagation: c a r r i e r  levels at two si tes ,  
propagation path noise temperatures at two si tes ,  meteorological data 
(wind speed, wind direction, temperature, humidity, and ra in  ra te )  at 
two sites,  and weather radar  data at one si te .  These data a r e  available 
directly as  functions of t ime, site separation, and direction of s i te  
separation. The consideration of vector s i te  separation is necessitated 
by the anisotropy of gross weather features.  

SPACECRAFT T R A N S M I T T E R  
POWER 60 mW 
RECEIVER G A I N  X 2  
OUTPUT VOLTAGE ( MEAN 1 : 3.28 V 
T O T A L  S A M P L E S  : 100 
STANDARD D E V I A T I O N  : 0.130 
RECEIVER O U T P U T  ( VOLTS ) 
Fig .  10. Received signal level  distribution. 
The analysis of dzta Iron1 a sing1.e site will yic1.d correlat ion data 
between the received s i g n d  level, the propagation path noise temperature,  
and the meteorological parameters .  'This il~.formation will determine the 
dependence of the propagation path loss lrpon the environment in the reg ion  
of the propagation path within the troposphere, I11 addition the extraction 
of some fade  ate information may be possible depending upon the limita- 
tions imposed by the pulsed nature of the received signal. Both the cor-  
relation and fade ra te  data can be related to the turbulent propert ies  of 
the troposphere; it may also be possible to relate  these data to a part i -  
cular  constituent of the troposphere, such as  water vapor* Finally, 
antenna pointing information may yield refractive effects associated with 
gross weather feztures.  
The analysis or' data obtained simultaneously at two s i tes  would, 
of course, yield all of the information discussed in the preceding para-  
g r aph ,  In addition, c ross  -correlations between the various data with 
the vector site separation serving as  an independent pararnetzr would 
also be  available. The received signal cross-correlat ion data will  de- 
fine the separation distance and or i~r . t~at ion  necessary for  the efficient 
design of space diversity systems.  These data will a lso i ~ d i r e c t l y  ield 
a measure  of the physical extent of coherent turbulent ce!ls within the 
troposphere. 
The multiple terminal  facility developed for the NASA ATS-E 
mil l imeter  wave propagation experiment i s  operational; and preliminary 
received signal, noise temperature,  and meteorological data have been 
recorded. Some initial tes ts  of potential data processing and malys i s  
techniques have been performed. In spite of limitations imposed by the 
ATS-E satelli te condition it appears that useful experimental data can 
be obtained readily, Various means of maxumizing this output under 
these circumstances a r e  being explored. 
